Genetically modified (GM) crops expressing insect resistance and herbicide tolerance provide a novel approach for improved crop production but their advent at the same time presents serious challenges in terms of food safety. Although prevailing scientific proof has suggested that transgenic crops are analogous to their conventional counterparts, their use in human and animal diet gave rise to emotional public discussion. A number of studies had been conducted to evaluate the potential unintended effects of transgenic crops expressing single transgene, but very few studies for those with multiple transgenes. As the crops with single and multiple transgenes could impart different effects on non-target organisms, thus, risk evaluation of transgenic crops expressing more than one transgene is required to declare their biosafety.
| INTRODUC TI ON
Cotton (Gossypium hirsutum) is an important crop cultivated in more than 80 countries of the world as a source of fibre, feed and edible oil (Rahman, Zaman, Shaheen, Irem, & Zafar, 2015) . It has been used generally as valuable feed resource in a high producing animals as it offers a substantial amount of undegradable rumen proteins which support the amino acids requirements for different production traits. Global cotton production has been constrained with variety of insect and pest attack, demanding the substantial application of insecticides and herbicides for successful crop harvesting. Due to such heavy chemical application, cotton producers incurred more production cost rendering the venture less profitable (Tripathi, Mondal, Somvanshi, & Karim, 2011) . Recent advances in genetic engineering technology and molecular biology techniques enabled the selective introduction of one or more novel traits gene into plants via transforming genes that codes for insect resistance or herbicide tolerance, thereby improving the crop performance.
The impact of this transgenic technology has been witnessed in many crops including cotton in terms of considerable reduction of chemical application, less production cost and improve crop protection. The potential of transgenic technology however is not only restricted to improving agronomic performance but nutritional components of food for human or feed for farm animals (Tripathi et al., 2011) . Different transgenic crops featuring a number of traits including insect resistance and/or herbicide tolerance have been approved for commercialization in various countries (Zdziarski, Edwards, Carman, & Haynes, 2014) . A notable example is the transgenic cotton expressing recombinant proteins produced by Bt and cp4 epsps genes (Farias et al., 2015; Oliveira et al., 2011) . The use of feed ingredients obtained from transgenic Bt crops in livestock feeding has resulted to serious public debate. Various international organizations have developed different methods of evaluating the safety of food or feed derived from Bt crops consumed by humans and animals (Yuan, Tang, Zhao, Shiand, & Wang, 2017) . However, consumers are still expressing their concern regarding the safety of Bt crops particularly with respect to human consumption and production of animal products such as meat, milk and eggs obtained from livestock raised on these crops (Yang, Sun, Hao, & Wang, 2013) . These concerns are mostly related with the potential unintended effect of Bt crops on various biological functions of human and animals (Reichert et al., 2012) or sub-chronic toxicological effects due to position effects of inserted genes (Mo, Tan, Xu, & Yan, 2015) . A number of studies concerning this issue have previously been published concluding absence of any detrimental effects on human and animal health (Cao et al., 2012; Hu, Zhuo, Gong, Piao, & Yang, 2017; Mao et al., 2016; Mo et al., 2015; Morera, Basirico, Ronchi, & Bernabucci, 2016; Shahid et al., 2016; Xu, Liu, Xing, & Yang, 2011; Yuan et al., 2017; Zhou et al., 2014) . Opposite opinions, however, do exist and are experimentally documented (Kulikov, 2005; Malatesta et al., 2008 Malatesta et al., , 2002 Séralini et al., 2012; Świątkiewicz et al., 2011; Tudisco et al., 2010) . In order to carefully assess the risk associated with Bt crops, extensive animal feeding thus becomes necessary especially on the basis of case assessment rule (Mo et al., 2015) .
Rabbits are frequently used as a suitable animal model for manipulation in delicate procedure particularly in a scientific study where variations in haematological parameters occur, as they have pronounced surface veins which make sampling process easier (Poljičak-Milas et al., 2009 ). Blood serves as a pathological mirror indicating the condition of animals exposed to different dietary treatments including xenobiotic compounds (Olafedehan et al., 2010) .
Laboratory examinations of the blood are vital tools in detecting even the slightest changes due to infection within human and animal body (Alemede, Adama, Ogunbajo, & Abdullahi, 2010) . Through haematological analysis, significant physiological, nutritional and pathological information can be obtained with respect to the status of an organism (Aderemi, 2004; Doyle, 2006) . Haematological constituents are actually correlated with the health status of an animal under different conditions (Isaac, Abah, Akpan, & Ekaette, 2013; Togun et al., 2007) . It has also been reported that differences in haematological indices are frequently used to define different health conditions in animals and to examine the stresses as a result of nutritional, pathological and/or environmental conditions (Afolabi, Akinsoyinu, Abdullah, Olajide, & Akinleye, 2011) . Dietary constituents, however, have considerable influence on haematological components, thus blood components are commonly used in nutritional assessment and investigation of farm animals (Ewuola & Egbunike, 2008) . Though cottonseeds are not consumed directly by human, animals consumed considerable amount as feed ingredients. Feeding studies evaluating the potential unintended effects of Bt cotton on human and animal health are comparatively less particularly with different cotton genotypes with multiple transgenic traits. This study was, therefore, designed to evaluate the potential risk of feeding transgenic cottonseed expressing recombinant proteins produced by Cry1Ac, Cry2A and Cp4 epsps genes on haematological parameters of growing rabbits.
| MATERIAL S AND ME THODS

| Study area
The study was conducted at National Center of Excellence in Molecular Biology (CEMB), University of the Punjab, Lahore, Pakistan. The effect of triple genes cotton is studied on different haematological parameters of rabbits.
| Diet formulation
Diets were formulated according to the CEMB optimized procedure.
The test substance is a mature seed of cotton (Gossypium hirsutum) 
| Compositional analysis
Nutritional components of both control and experimental diets were analysed according to the standard procedure explained by AOAC (Chemists, 1990) . Major compositions such as dry matter, moisture, crude fibre, ether extract, neutral detergent fibre, acid detergent fibre and hemicellulose were estimated. The total energy content of each diet was also measured ( Table 2 ). All dietary ingredients were thoroughly mixed before subjecting to compositional analyses. Dry matter determination was achieved through drying the samples at 70°C for 24 hr with the help of Memmert convection oven. Moisture was calculated using the formula: % Moisture = (100 − %DM). The macro-Kjeldahl method was used to determine the total nitrogen content. The determined nitrogen content was used to calculate crude protein by using a formula (Nitrogen content ×6.25). Crude fibre was estimated as a fraction remaining following digestion with a standard solution of sulphuric acid (H 2 SO4) and sodium hydroxide (NaOH) in a controlled condition. Ash determination was achieved by ashing the samples at a high temperature of about 550°C in an oven for about four hours. Soxhlet extraction method was used for ether extract determination. A formula: %NFE = %DM − (%CP + %CF + %EE + %Ash), was applied for the calculation of nitrogen free extract. The automatic fibre detection system (FIBRE TECH M System; Tecator, Sweden) was employed to determine both acid detergent fibre (ADF) and neutral detergent fibre (NDF) as described by Van Soest, Robertson, & Lewis, 1991 . Hemicellulose was calculated by applying formula: (%NDF -%ADF). An adiabatic bomb calorimeter was used for calculating the energy content. Note. G1 represents the control diet, G2, G3 and G4 represent 20%, 30% and 40% inclusion of transgenic cottonseed respectively. Note. Values in the table are average of the two independent measurements. G1 represents the control diet, G2, G3 and G4 represent 20%, 30% and 40% inclusion of transgenic cottonseed respectively.
TA B L E 2 Compositional analyses of the experimental diets
| Experimental animals and their management
"A total of Forty-eight" New Zealand white male and female (24 pairs) rabbits weighing averagely 570.50 ± 0.50 g were purchased from Tollinton animals market Lahore, Pakistan. Just after receiving, anti-stress preparations (Symostress-Product Code: SSA100 gm) were administered for 3 days to enable the animals recover from transportation stress (Adeosun & Iyeghe-Erakpotobor, 2014) . The animals were allowed to acclimatize to the environment during the first seven days before they were assigned to their respective treatments. All animals were kept at 22 ± 3ºC (room temperature), under a period of twelve hours (light/dark cycle) and (45%-60%) humidity.
| Experimental procedure
Following seven days of the environmental adjustment, rabbits were balanced for weight and randomly allotted to four dietary treatment groups namely G1, G2, G3 and G4 with six pairs per group, (males and females in separate cages) for six-month feeding trial. The rabbits in G1 were raised on a normal diet without transgenic cottonseed. Rabbits in G2, G3 and G4 were reared on diet containing 20%, 30% and 40% of transgenic cottonseeds respectively. One hundred and fifty grams (150 g) of the experimental diet was daily served to each animal to allow for ad libitum feeding. Clean water was made available throughout the experimental period.
| Blood collection and haematology determination
Ear vein of each animal was used for blood sampling using a sterilized disposable syringe and needle. In order to minimize the standard error in values, the animals were fasted for overnight periods prior to blood collection. Three millilitre of blood sample was taken in a 
| Statistical analysis
All analysis was performed using (Graph Pad Prism software for Windows version 7). Data on compositional analysis were subjected to one-way analysis of variance (ANOVA). Observations of haematological parameters were analysed using two-way analysis of variance (2-way ANOVA). The diet, sampling period and their interactions were considered. Data for male and female rabbits were analysed separately, and results were presented as the mean ± standard error (x̅ ± SEM). The mean of all the treatments was compared using "Tukey's Multiple Comparison Test" when appropriate for determining any significant differences. p-values <0.05 were considered significant.
| Bioethics
All experimental procedures were approved by the Ethics committee of National Center of Excellence in Molecular Biology (CEMB), University of the Punjab Lahore Pakistan.
| RE SULTS
| Composition analysis
The proximate compositions of control and experimental diets are listed in Table 2 . There were no significant differences (p > 0.05) in nutritional components between the control and experimental diets.
| Effect transgenic cottonseed meals on leucocytes
The effects of dietary supplementation of transgenic cottonseed on white blood cell count (WBC), lymphocytes (LYM), monocytes (MON) and granulocytes (GRA) of male and female rabbits are presented in Tables 3 and 4 . The dietary supplementation of the transgenic cottonseed did not significantly (p > 0.05) affect the leucocytes of rabbits in all the groups following 180 days feeding trials.
The differential count of specific forms of leucocytes (neutrophils, eosinophils and basophils) of male and female rabbits is demonstrated in Figure 1 . There were no significant differences (p > 0.05) in all except for neutrophil count of male rabbits belonging to G4 which was significantly lower (p < 0.05) than those of the remaining groups at 45 days of the study. The value was however attained a similar level with remaining groups at 90 days and remained consistently the same throughout the study. 
| Effect of transgenic cottonseed meals on platelet (PLT) and mean platelet volume (MPV)
The effects of dietary treatments on platelet (PLT) and mean platelet volume (MPV) of male and female rabbits were depicted in significantly at 90 days and remained steadily the same until the end of the study. A similar trend seems to be observed in G3 and G4, though, the level in G3 at 135 days was found to be higher than that of all other groups. No significant changes were observed in the initial and final calculated PLT values of female rabbits placed in G2. The basal levels of MPV were comparable in all groups and remained statistically the same in the groups of male rabbits throughout the study period, except in G3, where the levels increased 
Parameters
Days of sampling
Dietary treatments p-values
G1 G2 G3 G4 Diet (T) Period (P) T*P WBC (×10 9 /L) 0
| DISCUSS IONS
In this study, a six-month feeding trial in albino rabbits was conducted to assess the food safety of transgenic cotton expressing Cry1Ac, Cry2A and Cp4 epsps proteins. Prior to feeding trial, the nutritional compositions of the control and experimental diets were analysed. Consistent with the previous report, the nutrient compositions of all the diets were comparable demonstrating their substantial equivalences (Castillo et al., 2004) . The result of this study indicated that incorporation of the transgenic cottonseed of up to 40% could not account for significant changes in nutrients compositions of the diets. The finding of this study agreed with the previous report that incorporation of Bt genes expressing insect resistance Note. GRA: granulocytes; LYM: lymphocytes; MON: monocytes; T*P: interaction between diet and sampling period; WBC: white blood cell count; G1 is the control group; G2, G3 and G4 represent 20%, 30% and 40% GM cottonseed respectively.
TA B L E 4 Effects of dietary Cry and Cp4epsps proteins on leucocytes values of female rabbits
Parameters
Days of sampling
Dietary treatments p-values
proteins (Cry1Ac, Cry2Ab, Cry2Ab2 or Cp4 epsps) could not modify the nutrient compositions of cottonseed. (Tripathi et al., 2011) . It has also been reported that composition and nutritional value of seed were not modified due to introduction of foreign DNA into plants (Berberich et al., 1996; Bertrand, Sudduth, Condon, Jenkins, & Calhoun, 2005; Castillo et al., 2004; Hamilton et al., 2004; Nida et al., 1996) .
Haematological indices are very essential in monitoring the nutritional quality of feed particularly with feed ingredients that affect the blood as well as the health status of the animals (Etim, Offiong, Williams, & Asuquo, 2014) . It has been reported that ingestion of dietary constituents has considerable effects on blood composition; thus, blood analysis could be considered as the fastest means of evaluating the suitability, quality and toxicity of ingested feed in farm animals (Yusuf, Mlambo, & Iposu, 2018 ).
There were no significant differences in all the leukon values evaluated except for the differential neutrophil count in some of the dietary groups. However, these differences were not biologically significant, since all the values were within the normal physiological range reported for healthy rabbits (Black et al., 2009; Etim, Williams, Akpabio, & Offiong, 2014) . Thus, the significant variation recorded for some of the differential neutrophil counts could not be attributed to the dietary treatments but due to some other factors which may include physiological and environmental conditions among other. It has also been reported that several factors including physiological and environmental factors can affect the different haematological parameters of farm animals (Alodan & Mashaly, 1999; Garacyk, Pliszczackrol, & Kotonski, 2003; Vecerek, Strakova, Suchy, & Voslarova, 2002) . The lack of significant biological differences in leukon values across dietary treatments in the present study suggested that transgenic cottonseed of up to 40% could safely be incorporated in the rabbit's diet without having any detrimental effect on their health. The result of this study is in agreement with that of Rahman et al. (2015) who reported that the total leucocytes count and differential leucocytes count did not differ when rabbits were fed a diet containing up to 30% of Bt cottonseed for 90 days.
Similarly (Yang et al., 2013) , reported non-significant differences in the leucocytes values when transgenic poplar leaves harbouring binary insect resistant gene (chitinase-BmkIT) were fed to rabbits for 70 days.
F I G U R E 1 Changes in the levels of neutrophils, eosinophils and basophils in rabbit's blood at different feeding days. G1 is the control group, G2, G3 and G4 represent 20%, 30% and 40% GM cottonseed respectively [Colour figure can be viewed at wileyonlinelibrary.com]
Red blood cells (RBCs) are the carrier of haemoglobin in the blood. Haemoglobin when reacts with cellular oxygen forms oxyhaemoglobin during the process of respiration . Studies have revealed the role of RBCs in oxygen and carbon dioxide transport throughout the body (Isaac et al., 2013) .
The erythron values evaluated in this study were not significantly affected by the dietary treatments following 180-day supplementation. Although significant differences were recorded in some of the dietary groups, however, such differences were only numerical since all the values were within the normal reference values clinically reported for healthy rabbits (Poljičak-Milas et al., 2009 MCV: mean corpuscular volume; RBC: red blood cell count; T*P: interaction between diet and sampling period; G1 is the control group; G2, G3
and G4 represent 20%, 30% and 40% GM cottonseed respectively.
proteins for 245 days did not significantly alter the mice erythron values.
Blood platelets are significantly involved in blood clotting in animals. High blood platelets concentrations could be linked with iron deficiency (anaemia) and chronic bleeding. Elevated platelet values can also be measured in the condition of cold stress. Low platelets count on the other hand could be an indication of a severe allergic reaction, excessive bleeding, aplastic anaemia and systemic bacterial or fungal infections (Athanasiou, Polizopoulou, Kalafati, Ntararas, & Kontos, 2016) . It has also been reported that the sampling process can significantly affect the final count of PLT in the blood (Burnett et al., 2011) . Similar to our finding, Walsh and his co-workers did not find significant biological differences in the Cry1Ab proteins was fed to sows and their offspring for 20-week study (Walsh et al., 2013) . Normal PLT values were also reported by Yuan et al. (2017) when glyphosate-resistant transgenic soybean was supplemented in the diet of Sprague-Dawley (SD) rats for 195 days.
| CON CLUS ION
Feeding a diet containing up to 40% transgenic cottonseed expressing recombinant proteins produced by Cry1Ac, Cry2A and Cp4epsps genes did not alter the haematological profile of rabbits following 180-day supplementation. Our study highlighted the safe use of transgenic cotton in livestock feeding. However, further study needs to be conducted with different cotton genotypes expressing both single and polygenic traits.
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